This research was to study the in vitro and in vivo development of cloned embryos derived from adult rabbit fibroblasts following various activation protocols. Effects of serum starvation and passage number of donor cells on the efficiency of cloning were also examined. In experiment I, oocytes were activated either by electric pulses or by electric pulses followed by culture with 6-dimethylaminopurin (DMAP). For experiment II, the best activation protocol from experiment I was employed for cloning using adult rabbit fibroblasts that were cultured for 0-15 passages. In experiment III, the effect of serum starvation of the donor cells on cloning was examined. Finally, in experiment IV, embryo transfers were conducted. These experiments showed that combined electrical pulse and DMAP treatment resulted in superior parthenogenetic blastocyst development (up to 29%), and that activation of the cytoplast before versus after fusion was not different in supporting the in vitro development of nuclear transferred embryos (16%-18% blastocysts). Adult fibroblasts derived from nonpassaged cells were less capable of developing into blastocysts than passaged cells (6% vs. 17%). Serum starvation of donor cells improved cleavage (up to 71%) but did not improve blastocyst development (13%), and no progeny was obtained, irrespective of the treatment. Cell-cycle analysis of adult rabbit fibroblast cells showed that passage 6 and 12 cells were more likely to be in G 0 /G 1 than passage 0 cells, which agrees with the improved embryo development in the passaged-cell groups.
INTRODUCTION
Somatic cell nuclear transfer (i.e., cloning) offers new opportunities for genetic engineering and genome preservation [1] [2] [3] . Somatic cell cloning has succeeded in sheep [2, 3] , cattle [1, [4] [5] [6] [7] [8] [9] , goat [10] , mice [11] , and recently, pigs (I. Polejaeva, conference communications). The efficiency of the overall cloning process has been low, however, even in successful experiments where progeny were produced [12] . The reasons for the low efficiency and failures are not fully understood. The origin of the nucleardonor cells used in the reports varied considerably, as did the length and conditions of their culture, which makes it difficult to evaluate various factors from different reports.
Earlier experiments with embryo blastomeres as donor nuclei showed that insufficient activation of the recipient oocyte was a major factor in the low efficiency of cloning [13] . During fertilization, sperm-induced periodic increases in intracellular free calcium (Ca 2ϩ ) concentrations activate the oocyte [14, 15] . Artificial activation methods fail to mimic completely the transient Ca 2ϩ oscillations and usually result in a single intracellular Ca 2ϩ rise [13] . Multiple electric pulses have resulted in greater activation success in rabbits [13, 16] ; however, this protocol requires increased handling of the oocytes and is not well adapted for nuclear transfer manipulations. A sequential treatment of an intracellular Ca 2ϩ transient and a temporary inhibition of protein phosphorylation by 6-dimethylaminopurin (DMAP) effectively induced activation in cattle [17] and in rabbits [18] . This combination treatment resulted in a rapid and sustained inactivation of maturation-promoting factor and, hence, the activation of the oocyte [17, 19] .
The rabbit provides a good model for other species and will help to elucidate the fundamental mechanisms involved in the nuclear transfer process. Unfortunately, to our knowledge, no report of successful somatic cell cloning in rabbits has appeared. Our ultimate goal is to develop an efficient protocol for rabbit somatic cell cloning. Specifically, this research was designed to examine in vitro and in vivo development of the cloned embryos derived from adult rabbit fibroblasts following various activation protocols. Effects of serum starvation as well as passage number of the donor cells were correlated to the cloning efficiency.
MATERIALS AND METHODS

Oocytes and Zygotes
Mature Dutch-belted female rabbits were superovulated [20] with two 0.3-mg and four 0.4-mg s.c. injections of FSH (FSH-P; Schering-Plough Animal Health, Kenilworth, NJ) given 12 h apart. Twelve hours after the last FSH injection, 100 IU of hCG (Sigma, St. Louis, MO) was injected i.v. to induce ovulation. At 13.5 h after the hCG injection, the animals were laparotomized, and ovulated oocytes were flushed from the oviducts with Dulbecco's modified PBS (D-PBS) supplemented with 3 mg/ml of BSA (Fraction V, catalogue no. A9418; Sigma). Cumulus cells were removed by short exposure to 10 g /ml of hyaluronidase (catalogue no. H3506; Sigma) in D-PBS solution and subsequent pipetting with a small-bore Pasteur pipette.
Oocytes were then subjected to parthenogenetic activation or nuclear transfer experiments as discussed later. Zygotes, used as controls, were obtained from does that were superovulated as described for oocyte donor does. Approximately 12 h after the last FSH injection, they were artificially inseminated and given the hCG injection. The in vivo-derived zygotes were collected 16 h after artificial insemination and cultured further in vitro.
Enucleation of the Oocytes
Oocytes were freed of cumulus cells and enucleated by micromanipulation. Briefly, oocytes were placed into a small drop of PBS with 15% (v/v) fetal bovine serum (FBS; Hyclone Laboratories Inc., Logan, UT; catalogue no. 10099-41) and 5 g/ml of cytochalasin B under oil on a depression slide. An inverted Nikon microscope (Nikon Corp., Tokyo, Japan) equipped with Nomarski optics (Nikon Corp.) allowed visualization of the metaphase chromosomes in most of the oocytes, and their removal was under visual control [13] . However, in certain oocytes, the coloration and granulation of the cytoplasm made it impossible to see the chromosomes by regular light microscopy. In these cases, oocytes were subjected to Hoechst 33342 (Sigma, catalogue number B2261) staining.
The metaphase plate was removed with approximately 10% of the adjacent cytoplasm, preferably together with the first polar body. Successful enucleation was confirmed by a short (2-3 sec) ultraviolet-light exposure of the presumed karyoplasts removed under an epifluorescent microscope.
Donor Cell Preparation
Fibroblast cells were collected from an ear-skin biopsy of an adult male rabbit. The biopsy area was shaved of fur, and the surface was cleaned with 70% alcohol. A small piece of tissue was cut from the ear and washed several times in PBS with 10ϫ antibiotic-antimycotic solution (catalogue no. 15240-062; Gibco BRL, Paisley, Scotland), then cut into 1-mm cubes and placed into a Petri dish to culture as explants with Dulbecco's modified Eagle's medium (DMEM) and 10% FBS [8] . After approximately 14 days, the fibroblast cells, growing out of these explants, were washed twice with Ca 2ϩ -and Mg 2ϩ -free PBS and then trypsinized. These cells were washed by centrifugation, resuspended, and then used for nuclear transfer (referred as nonpassaged or 0 passage cells) or cultured further for as many as 15 passages in DMEM with 10% FBS. Nuclear-donor cells were isolated from non-serum-starved culture drops supporting a fully confluent cell monolayer for 2-5 days before the experiment. Alternatively, serum-starved cells were obtained by exposing fully confluent cell cultures to 0.5% FBS in DMEM for 3-5 days. Cell monolayers were trypsinized, and cells were washed by centrifugation in DMEM with 0.5% or 10% FBS, then incubated at 39ЊC in drops until their use within 1 h. Small (diameter ϭ 10-15 m), smooth-membrane-surfaced cells were selected for nuclear transfer.
Nuclear Transfer, Embryo Culture, and Transfer Nuclear transfer. Single donor cells were introduced into the perivitelline space of enucleated oocytes. For electrofusion, the oocyte-fibroblast complexes were manually oriented in a 3.5-mm gap chamber of a BTX 200 Electro Cell Manipulator (San Diego, CA) in 0.3 M mannitol solution containing 0.1 mM calcium chloride and 0.1 mM magnesium chloride, then exposed to a short, 2-to 3-sec AC pulse (0.1 kV/cm) followed immediately by a 60-sec DC pulse (2.4 kV/cm).
Embryo culture. Previously, both TCM 199 and KSOM media were successfully used in our laboratory for embryo culture in rabbits [20] . Although both media support high rates of in vitro blastocyst development, KSOM culture produces better in vivo survival of the cultured embryos (unpublished data). For in vitro evaluations (experiments I and II), embryos were cultured for 4.5 days in 100-l drops of TCM 199 (catalogue no. 041 01150H; Gibco) with 15% FBS under oil in a humidified atmosphere of 5% CO 2 in air at 39ЊC. In subsequent trials (experiments III and IV), where embryo transfer evaluation was conducted, embryos were cultured in 100-l drops of KSOM with 0.1% BSA for 2 days, then replaced with KSOM and 1% BSA for the remaining culture in a humidified atmosphere of 5% O 2 : 5% CO 2 :90% N 2 at 39ЊC. Blastocyst development was recorded, and blastocyst cell numbers were counted following Hoechst 33342 epifluorescein staining.
Embryo transfer. Our previous research showed that extended in vitro culture of rabbit embryos would diminish their chance of developing into progeny [20] . Therefore, the culture period was minimized, and embryos were transferred at the presumed zygote stage (after fusion evaluation) or the two-cell stage after overnight culture in KSOM medium as described above. All recipient does were administered 1.2 g of GnRH analogue (Cystorelin; Abbot Laboratories, Athens, GA) to induce ovulation for synchronization with oocyte donors. To increase the chance of maintaining a pregnancy with cloned embryos, in some trials nuclear transfer embryos were transferred into synchronous inseminated, coat color-marked recipient does (albino females mated with albino males but received cloned embryos derived from a Dutch-belted male).
Characterization of Donor Cells
Cell-specific marker staining. Immunocytochemical confirmation of fibroblast phenotype in the cultured cells used for nuclear transfer was performed by staining with monoclonal antibodies directed against the cytoskeletal filament vimentin (fibroblast-specific cell marker) or cytokeratin (epithelial cell-specific cell marker) [21, 22] . Briefly, cells were grown to confluency in Lab-Tek chamber slides (Nalgen Nunc International, Naperville, IL). Cells were washed three times with PBS and fixed in methanol at 4ЊC for 20 min. After fixation, the cells were washed three times in PBS and blocked with 3% BSA in PBS for 15 min at 37ЊC. The block was removed, and 100 l of either a 1:40 dilution anti-vimentin (Vimentin clone V9; Sigma) or a 1:400 dilution of anti-cytokeratin (Pan-cytokeratin clone c-11; Sigma) was added. Slides were incubated for 1 h at 37ЊC. Cells were washed three times with PBS and incubated for 1 h with 100 l of a 1:300 dilution of fluorescein isothiocyanate-labeled, anti-mouse immunoglobulin G. Cells were then washed three times with PBS, coverslipped with 50% glycerol in PBS, and observed under a fluorescent microscope. Appropriate controls for autofluorescence and secondary antibodies were included.
Cell-cycle determination by flow cytometry. Flow cytometry to determine the cell-cycle stage profile was performed as described previously [23, 24] . Briefly, cells were trypsinized and resuspended in DMEM with 10% FBS at a concentration of approximately 5 ϫ 10 5 cells/tube. Cells were then pelleted and resuspended in 1 ml of 4ЊC ''saline GM'' (6.1 mM glucose, 137 mM NaCl, 5.4 mM KCl, 1.5 mM Na 2 HPO 4 ·7H 2 O, 0.9 mM KH 2 PO 4 , and 0.5 mM EDTA). Cells were fixed by slowly adding 4ЊC ethanol while gently vortexing and incubated overnight at 4ЊC. Cells were then washed with PBS and 0.5 mM EDTA and pelleted. Cell pellets were stained for 1 h at room temperature with 30 g/ml of propidium iodide and filtered through a 30-m mesh (Spectrum, Los Angeles, CA) before flow cytometry. Cells were analyzed on a FACs Cal- ibur (Becton Dickinson, San Jose, CA). Ten-thousand cells were collected for further cell-cycle analysis using the Cell Quest program (Becton Dickinson). The single-parameter histogram of DNA allows for the discrimination of cell populations existing in G 0 /G 1 (2C DNA content), S (between 2C and 4C), and G 2 ϩ M (4C) phases of the cell cycle. Percentages were calculated based on the gated cells displaying fluorescence correlating to a cell-cycle stage.
Specific Experiments
Experiment I: comparison of parthenogenetic activation protocols. In experiment I, various activation treatments were compared by the subsequent development of parthenogenetic embryos. Cumulus-free MII oocytes (14-15 h after hCG) were assigned to the following activation treatments: electroporation by one electric pulse (1EP), two electric pulses (2EP; 60 min apart), or 1EP followed by 1-or 2-h culture with 2.5 mM DMAP in TCM 199 with 15% FBS. The electroporation medium and field strength were the same as those used for nuclear transfer. Embryos were cultured for 4.5 days in 100-l drops of TCM 199 and 15% FBS.
Experiment II: effect of DMAP exposure timing on the subsequent development of cloned embryos. In experiment IIa, the developmental effects of DMAP exposure on enucleated oocytes before or after fusion with fibroblast cells were compared. Donor cells were obtained from passage 3 to 15 confluent cell cultures. Enucleated oocytes were subjected to an electric pulse (as described above) followed by 1) 2-h culture in 2.5 mM DMAP before electrofusion, 2) 1-h DMAP before and 1-h DMAP after electrofusion, 3) 0.5-h DMAP before and 1.5-h DMAP after electrofusion, 4) electrofusion and then 2-h in DMAP, and 5) electrofusion followed by two further electric pulses (30 min apart). Embryos were cultured for 4.5 days in 100-l drops of TCM 199 and 15% FBS. In experiment IIb, the effect of the passage number of the nuclear-donor cells on the development of cloned embryos was compared. Cells were obtained from 1) tissue explant outgrowth (referred to as nonpassaged or passage 0 cells), 2) early cell cultures (passages 3-9), or 3) late cell cultures (passages 10-15). Nuclear transfer was performed as described above, and donor cell groups were assigned to various activation treatments as outlined in experiment IIa. No difference on blastocyst development was found among different activation protocols; thus, activation data were pooled to evaluate the effect of passage numbers on cloning.
Experiment III: effect of serum starvation of donor cells. In experiment III, donor cells of 4-6 passages with or without serum starvation were used for nuclear transfer (see above). Enucleated oocytes were immediately fused with donor cells, followed by culture for 2 h with 2.5 mM DMAP in TCM 199 containing 5.0 g/ml of cytochalasin B. Embryos were cultured in KSOM with BSA as described above.
Experiment IV: transfer of cloned embryos. Presumed cloned zygotes were produced as described in experiments II and III and either transferred immediately after activation/fusion or following overnight culture. Some zygotes produced as described in experiment III were transferred into synchronous, Day 1 pregnant females (see above). Only recipients in which ovulation sites or corpora lutea were visible were used. The number of transferred zygotes/ embryos per oviduct varied between 8 and 15, depending on the availability of embryos on a given day.
Data Analysis
Morphology and quality of the oocytes varied greatly among donor females and significantly affected further development. Data presented in this paper are based on experiments in which at least one of the treatment groups resulted in blastocyst development.
Every treatment was replicated at least three times. Development of oocytes or zygotes to the blastocyst stage and blastocyst cell numbers were recorded. All categorical data (e.g., embryo development to various stages) were analyzed by the chi-square test, whereas cell number and cell-cycle data were analyzed by ANOVA using the Statistical Analysis System (Statistical Analysis System Institute, Cary, NC).
RESULTS
In a preliminary experiment, we determined the position of the polar body relative to the metaphase chromosomes. The metaphase plate was adjacent to the polar body in 55% (129/233) of the oocytes. In most cases, the coloration and texture of the cytoplasm allowed visualization of the metaphase plate by Nomarski optics. The metaphase plates in some oocytes, however, were not clearly visible, and these oocytes were subjected to epifluorescent staining to verify the success of enucleation.
In experiment I, the effect of activation treatment was examined by parthenogenetic development of the oocytes (Table 1 ). Activation by 1EP or 2EP resulted in significantly lower blastocyst development (0% and 8%, respectively) than 1EP followed by 1-or 2-h exposure to DMAP (23% and 29%, respectively). The blastocyst development of the in vivo-fertilized control zygotes (79%) was significantly better than that of any activation treatment tested (P Ͻ 0.05). However, cell numbers of parthenogenetic blastocysts varied between 155 Ϯ 44.7 (mean Ϯ SEM) and 185 Ϯ 22.0 and did not differ from that of the controls (185 Ϯ 23.2).
In experiment IIa, nuclear transfer development following various combined activation treatments were tested (Table 2). The fusion rates varied between 44% and 69%, and cleavage rates varied between 44% and 71%. The rate of blastocyst development is expressed per total number of nuclear transfers conducted, because blastocyst development was also observed in the ''nonfused'' enucleated oocyte groups, possibly due to delayed fusion occurring after the evaluation was done. Blastocyst development was similar in all treatment groups (16%-18%). The quality of blastocysts in terms of cell numbers was reasonable (ranging from 121 Ϯ 49 to 182 Ϯ 34 cells) and was not statistically different among treatment groups.
In experiment IIb, the effect of the passage number of the nuclear-donor cells on the development of cloned embryos was compared (Table 3) . Fusion rates among treatment groups with nuclear-donor cells from nonpassaged cells or from early (3-9) and late (10-15) passages did not differ (65%, 58%, and 64%, respectively; P Ͼ 0.05). Cleavage rates from nonpassaged or early passage cells were significantly lower than that of late passage cells (50%, 53%, and 63%, respectively; P Ͻ 0.05). Blastocyst development, however, was not different between early and late passage groups (16% vs. 17%, P Ͼ 0.05), but both rates were significantly higher than that for nonpassaged cells (6%, P Ͻ 0.05).
Based on this interesting observation, we decided to characterize the cultured donor cells at various passages by morphology, cell-specific marker staining, and cell-cycle analysis. Donor cells derived from the rabbit skin cells showed fibroblast cell morphology, irrespective of the passage numbers of culture. Cell-specific marker staining showed that the donor cells were vimentin positive but cytokeratin negative, verifying their fibroblast cell origin (data not shown).
Distributions of cell-cycle stages of the nuclear-donor cells were also determined by flow cytometry. Figure 1 is a representative cell-cycle histogram of donor cells collected from passage 0 versus passage 6 cells at 2 days after reaching confluency. Table 4 shows a summary of the cellcycle analysis of confluent cells at passages 6 and 12 with or without serum starvation versus the dividing passage 0 cells. The actively dividing passage 0 cells differed from passage 5-6 and 10-12 cells when comparing G 0 ϩ G 1 (60.60% vs. 88.51% vs. 77.16% for passage 0, 5-6, and 10-12 cells, respectively; P Ͻ 0.05) and G 2 ϩ M stages (19.70% vs. 5.15% vs. 5.42%, respectively; P Ͻ 0.05). The cell-cycle analysis of passages 6 and 12 confluent cells did not differ significantly from each other, regardless of the cell-cycle stages examined (P Ͼ 0.05; Table 4 ). Interestingly, fewer G 0 ϩ G 1 cells and more G 2 ϩ M cells were found for the passage 10-12 cells than for the passage 5-6 cells. Early passage cells (passages 5-6) were, therefore, used to derive cloned embryos for the embryo transfer trial (experiment IV).
In experiment III, in vitro development of cloned embryos from nonstarved versus serum-starved fibroblast cells was compared. Data are presented in Table 5 . Fusion rates were generally high, regardless of the donor cell type (75% vs. 80%, P Ͼ 0.05). The cleavage rate of embryos produced with starved cells was significantly higher than that with nonstarved cells (71% vs. 49%, P Ͻ 0.05). Blastocyst development, however, did not differ between the two treatment groups (13% vs. 13%, P Ͼ 0.05).
Embryo transfer trials were conducted in experiment IV. Nuclear transfer zygotes produced as described in experiment IIa, by the 2-h DMAP activation treatment before nuclear transfer, were transferred into pseudopregnant females immediately following the verification of fusion. Embryo transfer of 130 nuclear transfer zygotes from nonpassaged cells into four recipients and 62 zygotes from passaged cells into two recipients resulted in no progeny. To increase the chance of pregnancy, cloned embryos were transferred into coat color-marked, inseminated recipient does. Presumed zygotes produced as described in experiment III, after evaluation of fusion (starved and nonstarved groups), or cleaved embryos (only from the nonstarved group) were transferred into pseudopregnant, albino recipients inseminated with semen from an albino male (Table  5) . Transfer of 402 nuclear transfer embryos into 14 recipients resulted in nine pregnancies and 36 kits, but no progeny originated from the cloned embryos.
DISCUSSION
Adult skin fibroblasts are an easy-to-obtain source of donor DNA without the limitations of animal age, sex, and physiological state. Progeny were successfully obtained by nuclear transfer of serum-starved fibroblast cells in cattle [6, 8, 9, 25] , sheep [2, 3] , and goat [10] . Experiments with nonstarved fibroblasts also resulted in progeny in cattle [7, [3, 4, 11, 28] ) and are more difficult for longterm culture (mammary epithelial and cumulus cells [unpublished results]). It is generally believed that an inactive, diploid G 0 or G 1 stage of the cell cycle is required to initiate cell-cycle coordination and, possibly, reprogramming following transfer of the donor nucleus. Experiments in sheep demonstrated that serum starvation resulted in a beneficial, quiescent cell stage [3] . Others showed that the majority of cells in a fully confluent cell culture are also in an inactive G 1 stage and can be used as nuclear donors in cattle [1] . The mechanism by which the resting stage promotes this reprogramming is not yet clear. It is likely that G 0 /G 1 cell donors assure the normal (2n) ploidy of the cloned embryos [12, 29] . In our experiments, we chose adult fibroblast cells from a male rabbit as the cell source. Cells were obtained from monolayers that had reached confluency several days before use. Flow cytometric analyses indicated that majority of the cells used for nuclear transfer were in the G 0 or G 1 stage, which is similar to observations in confluent cattle and pig cell cultures [8, 23] . In experiment III, serumstarved cells (presumed G 0 stage), when compared to nonstarved counterparts, resulted in significantly higher cleavage rates. The rate of blastocyst development from starved versus nonstarved cells, however, was not different. This makes sense in that both treatments could induce the donor cells to G 0 or G 1 by different mechanisms, as indicated by the cell-cycle analysis data shown in Table 4 . Nonetheless, both conditions produced cells capable of being reprogrammed and developing in vitro into blastocyst-stage embryos.
Primary cell cultures exhibit a limited number of cell doublings before they reach a so-called crisis (i.e., senescence), where they cease to divide further, or undergo a spontaneous transformation and become ''immortal'' cell lines. The nature of the subtle changes during passages until the crisis and the reasons why cells become immortal are not fully understood. The shortening of the telomere DNA with each cell doubling and the lack of telomerase activity in somatic cells are thought to be the main causes for the limited life span of primary cell cultures. It is not clear, however, whether those changes affect the capability of the cells to generate embryos and progeny by nuclear transfer. Results in mice proved that fresh, noncultured cumulus cells are suitable for nuclear transfer, presumably because 90% of those cells are naturally in the G 0 /G 1 stage [11] . [29] . Second, primary cells are less homogenous in cell populations [8] , which might result in overall poorer development. Previously, Kato et al. [4] and Wakayama et al. [11] have demonstrated that cell type affects the cloning competence. Activation of recipient cytoplast by electric or a combination of electric and chemical stimuli is a critical element of the nuclear transfer procedure. Combined electrical and DMAP treatments were used in cattle nuclear transfer [1] and recently were tested in rabbits [18] . In the case of nuclear transfer, DMAP treatment of the electrofused oocyte-cell complexes might affect the reprogramming process of the donor nuclear material. Prolonged exposure to DMAP resulted in chromosomal abnormalities in cattle [30, 31] , although shorter exposure resulted in no such abnormalities [19, 31] . In our experiments, several activation methods were tested by comparing the development of parthenogenetic or nuclear transfer embryos. The parthenogenetic experiments suggest that two electric pulses are much more efficient than one to activate oocytes. A combination of a single electric pulse with 2-h DMAP treatment significantly improved cleavage and blastocyst development rates and resulted in blastocysts with similar cell numbers to that of the fertilized controls. Our results demonstrate that DMAP treatment can be an efficient component in activation procedures in rabbits as well. Experiments with nuclear transfer embryos were designed to compare the effect of a 2-h DMAP activation given before or after fusion or divided into pre-and postfusion treatment. Although a significantly higher rate of cleavage was found in the 1-h DMAP/fusion/1-h DMAP treatment group, blastocyst development was similar in all treatment groups (16%-18%, P Ͼ 0.05), regardless of the timing for DMAP administration. These results suggest that a DMAP preactivated cytoplast can be used for nuclear transfer, avoiding the risk of chemical-induced chromosomal abnormalities in the donor nucleus. Nonetheless, the preactivated oocyte cytoplasm has been suggested as not being suitable for reprogramming of donor nuclei, especially differentiated cell nuclei, because maturation-promoting factor is inactivated. Previous results [3] suggest that conditioning the donor nuclei of somatic cells in metaphase ooplasm might be necessary for normal clonal development.
Fusion rates of enucleated cytoplasts and donor cells depend on the age of the cytoplast. Preactivated groups had lower fusion rates than those activated after fusion. Reports in cattle [32, 33] suggested that young cytoplasts might be fused with the donor cells more readily than old cytoplasts. In experiment II, this possibility was tested in rabbits. Indeed, fusion rates were higher when the fusion treatment was given shortly after enucleation than in those conducted 2 h later. Cleavage and blastocyst development however, were not different among the treatments.
In the present study, we also attempted to produce cloned rabbits by embryo transfer. A total of 594 cloned embryos were transferred to 25 recipient does, but no cloned offspring were produced. This observation is intriguing considering that more than 20% of the fused cloned embryos developed into blastocyts. Morphological evaluation and blastocysts cell counts suggest that these cloned blastocysts were comparable in quality to in vivo-fertilized embryos. Our finding implies that blastocyst development may not correlate with the in vivo developmental competence of the cloned embryos, and that deficiency in DNA reprogramming after cloning may manifest after the blastocyst stage.
